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(54) DAMPER ASSEMBLY FOR GAS TURBINE ENGINES

(57) A damper assembly (60) includes a first housing
(62) adjacent to a second housing (64) that supports a
rotatable gas turbine engine component (66). The first
housing (62) defines first and second fluid passages
(76,78). The first fluid passage (76) is coupled to a first
valve (80). One of the first and second housings (62,64)
defines first, second and third annular grooves
(84A,84B,84C) that receive respective first, second and

third seal members (86A,86B,86C). The first and second
housings (62,64) define a first annular damper cavity
(88A) between the first and second seal members
(86A,86B) and in fluid communication with the first fluid
passage (76), and define a second annular damper cavity
(88B) between the second and third seal members
(86B,86C) and in fluid communication with the second
fluid passage (78).
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Description

BACKGROUND

[0001] This application relates to damping for a gas
turbine engine, including damping rotatable components
during engine operation.
[0002] Gas turbine engines are known, and typically
include a fan delivering air into a low pressure compres-
sor section. The air is compressed in the low pressure
compressor section, and passed into a high pressure
compressor section. From the high pressure compressor
section the air is introduced into a combustor section
where it is mixed with fuel and ignited. Products of this
combustion pass downstream over a high pressure tur-
bine section, and then a low pressure turbine section to
extract energy for driving the fan.
[0003] One or more bearings may support a rotatable
shaft that couples the high/low compressor section or fan
and the high/low turbine section. The rotatable shaft may
experience vibration during operation of the engine.

SUMMARY

[0004] A damper assembly according to one disclosed
non-limiting embodiment includes a first housing adja-
cent to a second housing that supports a rotatable gas
turbine engine component. The first housing defines first
and second fluid passages. The first fluid passage is cou-
pled to a first valve. One of the first and second housings
defines first, second and third annular grooves that re-
ceive respective first, second and third seal members.
The first and second housings define a first annular
damper cavity between the first and second seal mem-
bers and in fluid communication with the first fluid pas-
sage, and define a second annular damper cavity be-
tween the second and third seal members and in fluid
communication with the second fluid passage.
[0005] In an embodiment of any of the foregoing em-
bodiments, the second fluid passage is coupled to a sec-
ond valve, and the first and second valves are movable
to define at least first and second operating modes. The
first operating mode is a high damping mode, and the
second operating mode is a non-damping mode.
[0006] In a further embodiment of any of the foregoing
embodiments, each of the first valve and the second
valve meters flow of fluid between a fluid source and a
respective one of the first and second fluid passages.
[0007] In a further embodiment of any of the foregoing
embodiments, the first and second valves are movable
to define third and fourth operating modes. The third op-
erating mode is a low damping mode, and the fourth op-
erating mode is a medium damping mode.
[0008] A further embodiment of any of the foregoing
embodiments includes a controller coupled to the first
and second valves, the controller operable to move the
first and second valves between the first through fourth
operating modes.

[0009] In a further embodiment of any of the foregoing
embodiments, the first annular damper cavity defines a
first volume, and the second annular damper cavity de-
fines a second volume that differs from the first volume.
[0010] In a further embodiment of any of the foregoing
embodiments, the first and second fluid passages deliver
lubricant to the first and second annular damper cavities.
[0011] In a further embodiment of any of the foregoing
embodiments, one of the first and second housings is
mechanically attached to a static structure, and another
one of the first and second housings supports a bearing
assembly. A spring member has an elongated body ex-
tending between a first end and a second end. The first
end mechanically attaches to the first housing, and the
second end extends from the second housing, and the
body has a plurality of elongated beams that permit
movement of the second housing relative to an axis de-
fined by the rotatable gas turbine engine component.
[0012] In a further embodiment of any of the foregoing
embodiments, the bearing assembly supports the rotat-
able gas turbine engine component. The rotatable gas
turbine engine component is a rotatable shaft coupled to
a turbine.
[0013] A gas turbine engine according to another dis-
closed non-limiting embodiment includes a fan section
that has a plurality of fan blades, a compressor section
in fluid communication with the fan section, a turbine sec-
tion driving the fan section or the compressor section
through a rotatable shaft, and a damper assembly includ-
ing a first housing adjacent to a second housing support-
ing the rotatable shaft. The first housing defines first and
second fluid passages. The first and second housings
define a first annular damper cavity in fluid communica-
tion with the first fluid passage, and define a second an-
nular damper cavity in fluid communication with the sec-
ond fluid passage. The first annular damper cavity de-
fines a first volume, and the second annular damper cav-
ity defines a second volume that differs from the first vol-
ume.
[0014] In an embodiment of any of the foregoing em-
bodiments, flow of fluid through the first fluid passage
causes the rotatable shaft to be dampened at a first rate,
and flow of fluid through the second fluid passage causes
the rotatable shaft to be dampened at a second, different
rate.
[0015] In a further embodiment of any of the foregoing
embodiments, the first and second fluid passages deliver
lubricant to the first and second annular damper cavities.
[0016] In a further embodiment of any of the foregoing
embodiments, one of the first and second housings is
mechanically attached to a static structure, and another
one of the first and second housings supports a bearing
assembly that receives the rotatable shaft.
[0017] In a further embodiment of any of the foregoing
embodiments, the first fluid passage is coupled to a first
valve, the second fluid passage is coupled to a second
valve, and the first and second valves are movable to
define at least first, second, third and fourth operating
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modes. The first operating mode is a high damping mode,
the second operating mode is a non-damping mode, the
third operating mode is a low damping mode, and the
fourth operating mode is a medium damping mode.
[0018] In a further embodiment of any of the foregoing
embodiments, each of the first valve and the second
valve meters flow of fluid between a fluid source and a
respective one of the first and second fluid passages.
[0019] A further embodiment of any of the foregoing
embodiments includes a controller coupled to the first
and second valves, the controller operable to move the
first and second valves between the first through fourth
operating modes.
[0020] A method of damping a rotatable component of
a gas turbine engine according to another disclosed non-
limiting embodiment includes permitting flow of fluid
through a first fluid passage between a fluid source and
a first annular damper cavity, but blocking flow of fluid
through a second fluid passage between the fluid source
and a second annular damper cavity such that the rotat-
able component is dampened at a first rate. Each of the
first annular damper cavity and the second annular
damper cavity is defined between a first housing and a
second housing that supports the rotatable component.
[0021] In an embodiment of any of the foregoing em-
bodiments, the first annular damper cavity defines a first
volume, and the second annular damper cavity defines
a second volume that differs from the first volume.
[0022] A further embodiment of any of the foregoing
embodiments includes permitting flow of fluid through
both the first fluid passage and the second fluid passage
such that the rotatable component is dampened at a sec-
ond rate that differs from the first rate.
[0023] In a further embodiment of any of the foregoing
embodiments, a first valve meters flow of fluid through
the first fluid passage, and a second valve meters flow
of fluid through the second fluid passage. One of the first
and second housings defines the first and second fluid
passages. Another one of the first and second housings
defines first, second and third annular grooves that re-
ceive respective first, second and third seal members.
The first and second housings define the first annular
damper cavity between the first and second seal mem-
bers, and define the second annular damper cavity be-
tween the second and third seal members.
[0024] The various features and advantages of this dis-
closure will become apparent to those skilled in the art
from the following detailed description. The drawings that
accompany the detailed description can be briefly de-
scribed as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

Figure 1 illustrates a gas turbine engine.
Figure 2A illustrates a damper assembly according
to a first example.

Figure 2B illustrates the damper assembly along line
2B-2B of Figure 2A.
Figure 2C illustrates a perspective view of a spring
member for the damper assembly of Figure 2A.
Figure 3 illustrates a damper assembly according to
a second example.

[0026] Like reference numbers and designations in the
various drawings indicate like elements.

DETAILED DESCRIPTION

[0027] Figure 1 schematically illustrates a gas turbine
engine 20. The gas turbine engine 20 is disclosed herein
as a two-spool turbofan that generally incorporates a fan
section 22, a compressor section 24, a combustor section
26 and a turbine section 28. Alternative engines might
include an augmentor section (not shown) among other
systems or features. The fan section 22 drives air along
a bypass flow path B in a bypass duct defined within a
nacelle 15, and also drives air along a core flow path C
for compression and communication into the combustor
section 26 then expansion through the turbine section
28. Although depicted as a two-spool turbofan gas tur-
bine engine in the disclosed non-limiting embodiment, it
should be understood that the concepts described herein
are not limited to use with two-spool turbofans as the
teachings may be applied to other types of turbine en-
gines including three-spool architectures.
[0028] The exemplary engine 20 generally includes a
low speed spool 30 and a high speed spool 32 mounted
for rotation about an engine central longitudinal axis A
relative to an engine static structure 36 via several bear-
ing systems 38. It should be understood that various
bearing systems 38 at various locations may alternatively
or additionally be provided, and the location of bearing
systems 38 may be varied as appropriate to the applica-
tion.
[0029] The low speed spool 30 generally includes an
inner shaft 40 that interconnects a fan 42, a first (or low)
pressure compressor 44 and a first (or low) pressure tur-
bine 46. The inner shaft 40 is connected to the fan 42
through a speed change mechanism, which in exemplary
gas turbine engine 20 is illustrated as a geared architec-
ture 48 to drive the fan 42 at a lower speed than the low
speed spool 30. The high speed spool 32 includes an
outer shaft 50 that interconnects a second (or high) pres-
sure compressor 52 and a second (or high) pressure tur-
bine 54. A combustor 56 is arranged in exemplary gas
turbine 20 between the high pressure compressor 52 and
the high pressure turbine 54. A mid-turbine frame 57 of
the engine static structure 36 is arranged generally be-
tween the high pressure turbine 54 and the low pressure
turbine 46. The mid-turbine frame 57 further supports
bearing systems 38 in the turbine section 28. The inner
shaft 40 and the outer shaft 50 are concentric and rotate
via bearing systems 38 about the engine central longitu-
dinal axis A which is collinear with their longitudinal axes.
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[0030] The core airflow is compressed by the low pres-
sure compressor 44 then the high pressure compressor
52, mixed and burned with fuel in the combustor 56, then
expanded over the high pressure turbine 54 and low pres-
sure turbine 46. The mid-turbine frame 57 includes air-
foils 59 which are in the core airflow path C. The turbines
46, 54 rotationally drive the respective low speed spool
30 and high speed spool 32 in response to the expansion.
It will be appreciated that each of the positions of the fan
section 22, compressor section 24, combustor section
26, turbine section 28, and fan drive gear system 48 may
be varied. For example, gear system 48 may be located
aft of combustor section 26 or even aft of turbine section
28, and fan section 22 may be positioned forward or aft
of the location of gear system 48.
[0031] The engine 20 in one example is a high-bypass
geared aircraft engine. In a further example, the engine
20 bypass ratio is greater than about six, with an example
embodiment being greater than about ten, the geared
architecture 48 is an epicyclic gear train, such as a plan-
etary gear system or other gear system, with a gear re-
duction ratio of greater than about 2.3 and the low pres-
sure turbine 46 has a pressure ratio that is greater than
about five. In one disclosed embodiment, the engine 20
bypass ratio is greater than about ten, the fan diameter
is significantly larger than that of the low pressure com-
pressor 44, and the low pressure turbine 46 has a pres-
sure ratio that is greater than about five. Low pressure
turbine 46 pressure ratio is pressure measured prior to
inlet of low pressure turbine 46 as related to the pressure
at the outlet of the low pressure turbine 46 prior to an
exhaust nozzle. The geared architecture 48 may be an
epicycle gear train, such as a planetary gear system or
other gear system, with a gear reduction ratio of greater
than about 2.3:1. It should be understood, however, that
the above parameters are only exemplary of one embod-
iment of a geared architecture engine and that the
present invention is applicable to other gas turbine en-
gines including direct drive turbofans.
[0032] A significant amount of thrust is provided by the
bypass flow B due to the high bypass ratio. The fan sec-
tion 22 of the engine 20 is designed for a particular flight
condition -- typically cruise at about 0.8 Mach and about
35,000 feet (10,668 meters). The flight condition of 0.8
Mach and 35,000 ft (10,668 meters), with the engine at
its best fuel consumption - also known as "bucket cruise
Thrust Specific Fuel Consumption (’TSFC’)" - is the in-
dustry standard parameter of lbm of fuel being burned
divided by lbf of thrust the engine produces at that min-
imum point. "Low fan pressure ratio" is the pressure ratio
across the fan blade alone, without a Fan Exit Guide Vane
("FEGV") system. The low fan pressure ratio as disclosed
herein according to one non-limiting embodiment is less
than about 1.45. "Low corrected fan tip speed" is the ac-
tual fan tip speed in ft/sec divided by an industry standard
temperature correction of [(Tram °R) / (518.7 °R)]0.5

(where °R = K x 9/5). The "Low corrected fan tip speed"
as disclosed herein according to one non-limiting em-

bodiment is less than about 1150 ft / second (350.5 me-
ters/second).
[0033] Figures 2A-2B illustrate a variable squeeze
damper assembly 60 according to one example. The
damper assembly 60 is operable to provide variable lev-
els or rates of damping to components which may expe-
rience undesirable vibration and/or misalignment during
operation, such as one or more components of the engine
20 of Figure 1. The damper assembly 60 can be config-
ured to control load, displacement, critical speed and ro-
tor strain energy, for example.
[0034] The damper assembly 60 includes a first hous-
ing 62 adjacent to a second housing 64. The second
housing 64 supports a rotatable gas turbine engine com-
ponent 66. Each of the first and second housings 62, 64
and the rotatable component 66 extend along an axis X.
The axis X can be collinear or parallel with the engine
axis A of Figure 1, for example. In some examples, the
rotatable component 66 is a hub or a rotatable shaft cou-
pled to a turbine or compressor, such as one of the shafts
40, 50 of the engine 20 of Figure 1. In another example,
the rotatable component 66 is a fan hub 43 interconnect-
ing the fan 42 with geared architecture 48 and low pres-
sure turbine 46 of Figure 1.
[0035] In the illustrated example of Figures 2A-2B, the
first and second housing 62, 64 are located in, or other-
wise define portions of, a bearing compartment BC. The
bearing compartment BC houses a bearing assembly 70
that supports the rotatable component 66. The bearing
assembly 70 and bearing compartment BC may be in-
corporated in any of the bearing systems 38 of Figure 1,
for example. One of the first and second housings 62,
64, such as the first housing 62 in Figure 2A, is mechan-
ically attached to a static structure, such as the engine
static structure 36 of Figure 1 (and shown in dashed lines
in Figure 2A), for example. Another one of the first and
second housings 62, 64, such as the second housing 64
in Figure 2A, supports portions of the bearing assembly
70.
[0036] The bearing assembly 70 includes one or more
bearing rolling elements 72 (one shown for illustrative
purposes) and a carrier 74 having an outer ring 74A and
an inner ring 74B. The bearing rolling elements 72 can
be rollers or balls, for example. The second housing 64
is mechanically attached to the outer ring 74A. In other
examples, the outer ring 74A is incorporated into or in-
tegral with the second housing 64. The inner ring 74B is
fixedly attached or otherwise coupled to the rotatable
component 66 and cooperates with the outer ring 74A to
carry the bearing rolling element 72. The housing 64 de-
fines a load path between the bearing rolling element 72
and the first housing 62.
[0037] The damper assembly 60 can include a center-
ing spring member 73 for supporting the first housing 64.
The spring member 73 includes a body 73A extending
between a pair of opposed ends 73B, 73C. The body 73A
can have a generally cylindrical profile. End 73C of the
spring member 73 extends from the second housing 64.
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The spring member 73 and the second housing 64 can
be can be integrally formed or can be separate and dis-
tinct components. In the illustrated example of Figure 2A,
ends 73B, 73C are mechanically attached or otherwise
secured to the first and second housings 62, 64 with one
or more fasteners F, for example, such that the second
housing 64 is supported by the first housing 62. End 73B
can define a flange extending radially outward to engage
the first housing 62.
[0038] The spring member 73 can be made of a rela-
tively flexible material. Example materials include a metal
or alloy such as titanium or steel. As illustrated in Figure
2C, the body 73A of the spring member 73 includes a
plurality of elongated beams 73D that define a plurality
of windows or openings 73E, and provide a desired
amount of flexibility to permit movement of the second
housing 64 and center the second housing 64 relative to
the axis X. The spring member 73 defines an elongated
bore 73F extending between the ends 73B, 73C. In some
examples, the body 73A defines between a total of 20 to
30 of the openings 73E (three shown in Figure 2C for
illustrative purposes), although fewer or more openings
73E may be utilized. During operation, the beams 73D
bias the end 73C toward the axis X such that spring mem-
ber 73 opposes movement of the second housing 64
away from the axis X, but the beams 73D can flex such
that the spring member 73 permits some radial move-
ment of the second housing 64 to relative to the first hous-
ing 62.
[0039] The first housing 62 defines first and second
fluid passages 76, 78. The first fluid passage 76 is cou-
pled to a first valve 80. The second fluid passage 78 is
coupled to a second valve 82. Each of the first and second
valves 80, 82 meters flow of fluid between a fluid source
FS and respective one of the first and second fluid pas-
sages 76, 78. The fluid source FS can supply a quantity
of lubricant to the bearing compartment BC.
[0040] The second housing 64 defines first, second,
and third annular grooves 84A-84C that extend inwardly
from radially outer surfaces of the second housing 64.
The first, second, and third annular grooves 84A-84C
receive respective seal members 86A-86C. In some ex-
amples, each of the seal members is an O-ring. In the
illustrated example of Figures 2A and 2B, the seal mem-
bers 86A-86C are piston rings received within the first,
second, and third annular grooves. Each of the seal mem-
bers 86A-86C extends about the axis X to define a sub-
stantially ring-shaped or annular geometry. The seal
members 86A-86C can be made of a high temperature
metal or alloy, or can be made of a composite material,
for example. Each of the seal members 86A-86C may
be a split ring with a distinct pair of ends 87 (Figure 2B)
to permit flexing of the seal members 86A-86C. In other
examples, the each of the seal members 86A-86C is a
full hoop that is deformable to permit flexing. The seal
members 86A-86C seal against radially inner surfaces
of the first housing 62.
[0041] The first and second housing 62, 64 are ar-

ranged in spaced relationship relative to each other to
define a first annular damper cavity 88A and a second
annular damper cavity 88B each swept about the axis X
to define a substantially annular geometry. Each of the
cavities 88A, 88B extends about a circumference of the
second housing 64. The first cavity 88A is defined be-
tween the first and second seal members 86A, 86B and
is in fluid communication with the first fluid passage 76.
The second cavity 88B is defined between second and
third seal members 86B, 86C and is in fluid communica-
tion with the second fluid passage 78.
[0042] The first and second fluid passages 76, 78 de-
liver flow of fluid to the first and second cavities 88A, 88B.
In the illustrated example, the fluid is a lubricant which is
supplied by the fluid source FS and delivered by the first
and second fluid passages 76, 78 to the first and second
cavities 88A, 88B. Fluid delivered by the first and second
fluid passages 76, 78 to the respective first and second
cavities 88A, 88B can be pressurized to provide a desired
amount of dampening of the rotatable component 66.
The lubricant establishes a viscous film in the first and
second cavities 88A, 88B that opposes relative move-
ment between the first and second housings 62, 64 by
absorbing energy from the rotating component 66 due to
displacement relative to the axis X. In some examples,
the second valve 82 is omitted such that the second cavity
88B is substantially continuously pressurized during op-
eration.
[0043] Each of the first and second cavities 88A, 88B
can be dimensioned to provide relatively different rates
or levels of damping. For example, flow of fluid through
the first fluid passage 76 and into the first cavity 88A
causes the rotatable component 66 to be dampened at
a first rate, and flow of fluid through the second fluid pas-
sage 78 and into the second cavity 88B causes the ro-
tatable component 66 to be dampened at a second, dif-
ferent rate.
[0044] The first cavity 88A defines a first volume and
the second cavity 88B defines a second volume. In the
illustrated example, the first volume differs from the sec-
ond volume. For example, the first volume can be greater
or less than the second volume. In alternative examples,
the first volume is equal to the second volume. The dif-
ferent volumes of the first and second cavities 88A, 88B
provide different rates or levels of damping of the rotat-
able component 66.
[0045] The axial length and radial height of the first and
second cavities 88A, 88B can differ to define the respec-
tive first and second volumes. In one example, the first
and second seal members 86A, 86B are axially spaced
apart relative to the axis X such that the first cavity 88A
extends along a first distance D1 (Figure 2A) relative to
the axis X. The second and third seal members 86B, 86C
are axially spaced apart relative to the axis X such that
the second cavity 88B extends along a second, different
distance D2 (Figure 2A) relative to the axis X. For the
purposes of this disclosure, the first and second distanc-
es D1, D2 are defined with respect to the first, second
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and third seal members 86A-86C being in a sealing re-
lationship relative to respective grooves 84A-84C.
[0046] A controller CONT is coupled to the first and
second valves 80, 82 to provide different levels or rates
of damping. The controller CONT is operable to actuate
or otherwise move each of the first and second valves
80, 82 simultaneously or independently of each other in
various combinations. For example, the controller CONT
can move each of the valves 80, 82 between a fully open
position and a fully closed position to selectively meter
flow of fluid between the fluid source FS and each of the
respective first and second fluid passages 76, 78. In fur-
ther examples, the controller CONT can move each of
the first and second valves 80, 82 between one or more
intermediate positions to selectively meter flow of fluid to
each of the respective fluid passages 76, 78.
[0047] The first and second valves 80, 82 are move-
able to define at least first and second operating modes.
The first operating mode may correspond to a high damp-
ing mode, and the second operating mode may corre-
spond to a non-damping mode. For example, both of the
first and second valves 80, 82 may be moved to a fully
open position to permit flow of fluid through the first and
second fluid passages 76, 78 and into each of the first
and second cavities 88A, 88B to dampen at a first level
or rate in the high damping mode. The first and second
valves 80, 82 may each be moved to a fully closed posi-
tion to block flow of fluid through the fluid passages 76,
78 and into each of the cavities 88A, 88B to dampen at
a second, different level or rate to provide a relatively low
level damping or no damping during the non-damping
mode.
[0048] The first and second valves 80, 82 can be mod-
ulated by the controller CONT to provide more than two
levels or rates of damping. For example, the valves 80,
82 can be moveable to define third and fourth operating
modes. The third operating mode may be a low damping
mode, and the fourth operating mode may be a medium
damping mode, for example. During the third operating
mode, the first valve 80 can be moved to a fully closed
position to block flow of fluid through the first fluid pas-
sage 76, and the second valve 82 can be moved to a
fully opened position to permit flow of fluid through the
second fluid passage 78 to dampen at a third level or
rate that differs from the first and second rates. During
the fourth operating mode, the first valve 80 can be
moved to a fully open position to permit flow of fluid
through the first fluid passage 76, and the second valve
82 can be moved to a fully closed position to block flow
of fluid through the second fluid passage 78 to dampen
at a fourth level or rate that differs from the first through
third rates. Intermediate positions of the first and second
valves 80, 82 can define additional operating modes and
corresponding levels or rates of damping.
[0049] The controller CONT is operable to move the
first and second valves 80, 82 between at least the first
through fourth operating modes, as well as operating
modes defined by intermediate positions of the valves

80, 82. Each of the operating modes may correspond to
different expected levels of vibration or misalignment of
the rotatable component 66 that may be experienced dur-
ing operation of the engine 20. The high damping mode
may correspond to a takeoff condition or a bowed rotor
start condition, and the non-damping mode may corre-
spond to a cruise condition of the engine 20, for example.
The relatively lesser levels or rates of damping can re-
duce parasitic losses that may otherwise result from sup-
ply of fluid by the fluid source FS to the first and second
cavities 88A, 88B during conditions when relatively lesser
levels of vibration are expected.
[0050] The level(s) of damping may also be defined
with respect to a location of the damper assembly 60.
For example, a damper assembly 60 incorporated into
bearing compartment 38 adjacent fan hub 43 in the en-
gine 20 of Figure 1 can have a damping schedule that
differs from a damper assembly 60 incorporated into
bearing compartment 38 that supports one of the shafts
40, 50. In another example, a damper assembly 60 in-
corporated into a bearing compartment 38 at a first loca-
tion along one of the shafts 40, 50 can have a damping
schedule that differs from a damper assembly 60 incor-
porated into a bearing compartment 38 at a second, dif-
ferent location along the respective one of the shafts 40,
50. The controller CONT can be programmed with logic
to actuate the valves 80, 82 according to each damper
schedule and corresponding sets of operating modes.
[0051] During operation, flow of fluid between the fluid
source FS and the first fluid passage 76 causes fluid F1
(Figure 2A) to move through the first cavity 88A and to-
ward the first seal member 86A to cause the seal member
86A to abut against surfaces of the first groove 84A and
the radially inner surfaces of the first housing 62 to es-
tablish a sealing relationship. Fluid between the fluid
source FS and the second fluid passage 78 causes flow
of fluid F2 (Figure 2A) to be communicated to the second
cavity 88B to cause the third seal member 86C to abut
against surfaces of the third groove 84C and against the
radially inner surfaces of the first housing 62. The fluid
F2 may also cause the second seal member 86B to abut
against opposed surfaces of the second groove 84B and
against the radially inner surfaces of the first housing 62.
In other examples, the fluid F1 is at a relatively greater
pressure than fluid F2 such that the fluid F1 causes the
second seal member 86B to abut against opposed sur-
faces of the second groove 84B.
[0052] When the first and/or second valve 80, 82 is
located in a closed position, respective fluid F1, F2 may
migrate or leak past the respective seal members 86A,
86C and into another portion of the bearing compartment
BC to achieve an ambient pressure in the respective cav-
ities 88A, 88B. Leakage of the fluid F1, F2 from the re-
spective cavities 88A, 88B can also improve lubricant
turnover and reduce undesirably high temperatures that
may otherwise be caused by stagnant lubricant in the
cavities 88A, 88B.
[0053] Figure 3 illustrates a damper assembly 160 ac-
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cording to a second example. In this disclosure, like ref-
erence numerals designate like elements where appro-
priate and reference numerals with the addition of one-
hundred or multiples thereof designate modified ele-
ments that are understood to incorporate the same fea-
tures and benefits of the corresponding original ele-
ments. The first housing 162 defines first, second, and
third annular grooves 184A-184C. Seal members 186A-
186C abut against radially outer surfaces of second
housing 164 to establish a sealing relationship in re-
sponse to pressurization of respective first and second
annular cavities 188A, 188B. The damper assembly 160
includes at least a first valve 180 coupled to a first fluid
passage 176. The damper assembly can include a sec-
ond valve 182 (shown in dashed lines) coupled to a sec-
ond fluid passage 178. In some examples, the second
valve 182 is omitted such that the second cavity 188B is
substantially continuously pressurized during operation.
[0054] The controller CONT typically includes a proc-
essor, a memory and an interface. The processor may,
for example only, be any type of known microprocessor
having desired performance characteristics. The mem-
ory may, for example only, includes UVPROM, EEP-
ROM, FLASH, RAM, ROM, DVD, CD, a hard drive, or
other computer readable medium which may store data
and the method for operation of the controller CONT of
this description. The interface facilitates communication
with the other systems or components of the engine 20
or aircraft, for example. In some embodiments, the con-
troller CONT is a portion of the FADEC or EEC, another
system, or a stand-alone system.
[0055] It should be understood that relative positional
terms such as "forward," "aft," "upper," "lower," "above,"
"below," and the like are with reference to the normal
operational attitude of the vehicle and should not be con-
sidered otherwise limiting.
[0056] Although the different examples have the spe-
cific components shown in the illustrations, embodiments
of this disclosure are not limited to those particular com-
binations. It is possible to use some of the components
or features from one of the examples in combination with
features or components from another one of the exam-
ples.
[0057] Although particular step sequences are shown,
described, and claimed, it should be understood that
steps may be performed in any order, separated or com-
bined unless otherwise indicated and will still benefit from
the present disclosure.
[0058] The foregoing description is exemplary rather
than defined by the limitations within. Various non-limiting
embodiments are disclosed herein, however, one of or-
dinary skill in the art would recognize that various mod-
ifications and variations in light of the above teachings
will fall within the scope of the appended claims. It is
therefore to be understood that within the scope of the
appended claims, the disclosure may be practiced other
than as specifically described. For that reason the ap-
pended claims should be studied to determine true scope

and content.

Claims

1. A damper assembly (60;160) comprising:

a first housing (62;162) adjacent to a second
housing (64;164) that supports a rotatable gas
turbine engine component (66), wherein the first
housing (62;162) defines first and second fluid
passages (76,78;176,178), the first fluid pas-
sage (76;176) is coupled to a first valve (80;
180), one of the first and second housings
(62,64; 162,164) defines first, second and third
annular grooves
(84A,84B,84C;184A,184B,184C) that receive
respective first, second and third seal members
(86A,86B,86C;186A,186B,186C), and the first
and second housings (62,64;162,164) define a
first annular damper cavity (88A;188A) between
the first and second seal members
(86A,86B;186A,186B) and in fluid communica-
tion with the first fluid passage (76;176), and de-
fine a second annular damper cavity (88B;188B)
between the second and third seal members
(86B,86C;186B,186C) and in fluid communica-
tion with the second fluid passage (78;178).

2. The damper assembly (60;160) as recited in claim
1, wherein the first annular damper cavity
(88A;188A) defines a first volume, and the second
annular damper cavity (88B;188B) defines a second
volume different from the first volume.

3. The damper assembly (60;160) as recited in claim
1 or 2, wherein one of the first and second housings
(62,64;162,164) is mechanically attached to a static
structure (36), another one of the first and second
housings (62,64;162,164) supports a bearing as-
sembly (70), and the damper assembly (60;160) fur-
ther comprises a spring member (73) including an
elongated body (73A) extending between a first end
(73B) and a second end (73C), the first end (73B)
mechanically attached to the first housing (62;162),
and the second end (73C) extending from the second
housing (64;164), and the elongated body (73A) in-
cluding a plurality of elongated beams (73D) that per-
mit movement of the second housing (64;164) rela-
tive to an axis (x) defined by the rotatable gas turbine
engine component (66), optionally wherein the bear-
ing assembly (70) supports the rotatable gas turbine
engine component (66), the rotatable gas turbine en-
gine component (66) being a rotatable shaft coupled
to a turbine.

4. The damper assembly (60;160) as recited in claim
1, 2 or 3, wherein the second fluid passage (78;178)
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is coupled to a second valve (82;182), and the first
and second valves (80,82;180,182) are movable to
define at least first and second operating modes, the
first operating mode being a high damping mode,
and the second operating mode being a non-damp-
ing mode.

5. The damper assembly (60;160) as recited in claim
4, wherein the first and second valves
(80,82;180,182) are movable to define third and
fourth operating modes, the third operating mode be-
ing a low damping mode, and the fourth operating
mode being a medium damping mode.

6. A gas turbine engine (20) comprising:

a fan section (22) including a plurality of fan
blades;
a compressor section (24) in fluid communica-
tion with the fan section (22);
a turbine section (28) driving the fan section (22)
or the compressor section (24) through a rotat-
able shaft (40,50); and
a damper assembly (60;160) comprising a first
housing (62;162) adjacent to a second housing
(64;164) supporting the rotatable shaft (40,50),
wherein the first housing (62;162) defines first
and second fluid passages (76,78;176,178), the
first and second housings (62,64;162,164) de-
fine a first annular damper cavity (88A;188A) in
fluid communication with the first fluid passage
(76;176), and define a second annular damper
cavity (88B;188B) in fluid communication with
the second fluid passage (78;178), the first an-
nular damper cavity (88A;188A) defines a first
volume, and the second annular damper cavity
(88B;188B) defines a second volume different
from the first volume.

7. The gas turbine engine (20) as recited in claim 6,
wherein flow of fluid through the first fluid passage
(76;176) causes the rotatable shaft (40,50) to be
dampened at a first rate, and flow of fluid through
the second fluid passage (78;178) causes the rotat-
able shaft (40,50) to be dampened at a second, dif-
ferent rate.

8. The damper assembly (60;160) or gas turbine en-
gine (20) as recited in any preceding claim, wherein
the first and second fluid passages (76,78;176,178)
deliver lubricant to the first and second annular
damper cavities (88A,88B;188A,188B).

9. The gas turbine engine (20) as recited in any of
claims 6 to 8, wherein one of the first and second
housings (62,64; 162,164) is mechanically attached
to a static structure (36), and another one of the first
and second housings (62,64;162;164) supports a

bearing assembly (70) that receives the rotatable
shaft (40,50).

10. The gas turbine engine (20) as recited in any of
claims 6 to 9, wherein the first fluid passage (76;176)
is coupled to a first valve (80;180), the second fluid
passage (78;178) is coupled to a second valve
(82;182), and the first and second valves
(80,82;180,182) are movable to define at least first,
second, third and fourth operating modes, the first
operating mode being a high damping mode, the
second operating mode being a non-damping mode,
the third operating mode being a low damping mode,
and the fourth operating mode being a medium
damping mode.

11. The damper assembly (60;160) or gas turbine en-
gine (20) as recited in any of claims 4, 5 or 10, where-
in each of the first valve (80;180) and the second
valve (82;182) meters flow of fluid between a fluid
source (FS) and a respective one of the first and
second fluid passages (76,78;176,178).

12. The damper assembly (60;160) or gas turbine en-
gine (20) as recited in any of claims 4, 5, 10 or 11,
comprising a controller coupled to the first and sec-
ond valves (80,82;180,182), the controller operable
to move the first and second valves (80,82;180,182)
between the first through fourth operating modes.

13. A method of damping a rotatable component (66) of
a gas turbine engine (20), comprising permitting flow
of fluid through a first fluid passage (76;176) between
a fluid source (FS) and a first annular damper cavity
(88A;188A), but blocking flow of fluid through a sec-
ond fluid passage (78;178) between the fluid source
(FS) and a second annular damper cavity
(88B;188B) such that the rotatable component (66)
is dampened at a first rate, wherein each of the first
annular damper cavity (88A;188A) and the second
annular damper cavity (88B;188B) is defined be-
tween a first housing (62;162) and a second housing
(64;164) that supports the rotatable component (66),
optionally wherein the first annular damper cavity
(88A;188A) defines a first volume, and the second
annular damper cavity (88B;188B) defines a second
volume different from the first volume.

14. The method as recited in claim 13, further comprising
permitting flow of fluid through both the first fluid pas-
sage (76;176) and the second fluid passage (78;178)
such that the rotatable component (66) is dampened
at a second rate different from the first rate.

15. The method as recited in claim 13 or 14, wherein a
first valve (80;180) meters flow of fluid through the
first fluid passage (76; 176), a second valve (82; 182)
meters flow of fluid through the second fluid passage
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(78; 178), one of the first and second housings
(62,64; 162,164) defines the first and second fluid
passages (76,78;176,178), another one of the first
and second housings (62,64; 162,164) defines first,
second and third annular grooves
(84A,84B,84C;184A,184B,184C) that receive re-
spective first, second and third seal members
(86A,86B,86C;186A,186B,186C), and the first and
second housings (62,64;162,164) define the first an-
nular damper cavity (88A;188A) between the first
and second seal members (86A,86B;186A,186B),
and define the second annular damper cavity
(88B;188B) between the second and third seal mem-
bers (86B,86C; 186B,186C).
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